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Abstract  -  Photonic  band-gap  (PBG) 
structures  are  essentially  periodic  lattices 
which  can  provide  effective  and  flexible 
control  of  the  propagation  of 
electromagnetic  waves  along  specific  or  all 
directions.  This  paper  gives  an  overview  of 
a  novel  planar-oriented  PBG  structure 
developed  recently  at  the  authors  group. 
This  uniplanar  compact  PBG  (UC-PBG) 
lattice  is  very  simple  to  implement,  and  its 
usefulness  has  been  demonstrated 
successfully  by  several  application  examples 
such  as  low  and  band  pass  filters,  leakage 
suppression  in  CB-CPWs  and  striplines,  as 
well  ds  harmonic  tuning  for  high  efficiency 
microwave  power  amplifiers. 

I.  Introduction 

Planar  circuit  technology,  based  on  either 
microstrips  or  coplanar  waveguides,  has  been 
the  driving  force  for  modern  microwave  and 
millimeter-wave  application  systems,  because 
of  its  enormous  advantages  including  greatly 
reduced  hardware  size  and  weight,  easier 
integration  with  solid-state  devices,  low  power 
consumption,  and  conformal  implementation 
on  moving  platforms.  However,  it  has  also 
been  recognized  for  a  long  time  that  integrated 
planar  circuits  or  antennas  will  unlikely  beat 
the  bulky  metallic  waveguide  systems  in  terms 
of  insertion  loss  or  radiation  efficiency.  Such 
deficiencies  of  planar  circuits  also  cause 
tremendous  burden  to  active  devices  (such  as 
transistors).  Realizing  high  performance 
microwave  components  in  simple  planar 


circuit  technology,  therefore,  has  been  the 
dream  of  all  RF  design  engineers  since  the 
early  days  of  microwave  monolithic  integrated 
circuits  (MMICs). 

We  have  developed  a  revolutionary 
structure  called  the  uniplanar  compact 
photonic  band-gap  (UC-PBG)  that 
substantially  improves  performance  of  many 
passive  and  active  components,  without 
significantly  modifying  existing  fabrication 
processes  [1].  This  structure  is  essentially  a 
two-dimensional  lattice  etched  in  the  ground 
plane  of  microwave  integrated  circuits  by  the 
conventional  photolithographic  process 
already  used  for  integrated  circuit  fabrication. 
Compared  with  conventional  microstrip  or 
coplanar  waveguide  (CPW)  structures  on  solid 
ground  plane,  the  UC-PBG  offers  several 
unique  properties  for  the  propagation  and 
reflection  of  electromagnetic  waves,  including 
low  insertion  loss,  slow  wave  effect,  wide 
stopband,  and  easy  realization  of  a  perfect 
magnetic  impedance  surface. 

A  number  of  specific  applications  have 
been  demonstrated  thus  far,  including 
microstrip  low  and  band  pass  filters,  leaky 
wave  suppressors,  as  well  as  harmonic  tuners 
for  high  class  power  amplifiers.  These 
successful  demonstrations  show  great 
potentials  of  this  new  UC-PBG  structure,  even 
though  we  are  still  at  the  early  stage  of  its 
development  and  optimization,  and  need  more 
in-depth  investigation  to  further  expand  its 
range  of  applications. 
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Fig.  1  Schematic  of  the  uniplanar  compact 
PBG  (UC-PBG)  lattice. 


(a) 


(b) 

Fig.  2  FDTD  simulation  and  measurement 
results  of  S  parameters  for  a  50  D  microstrip 
line  on  a  UC-PBG  ground  plane. 


II.  UC-PBG  Concept 

Fig.  1  shows  the  basic  schematic  of  the 
UC-PBG  lattice.  Each  element  consists  of  a 
square  metal  pad  and  four  connecting 


branches.  The  inset,  narrow  branches 
introduce  additional  inductance,  and  the  gaps 
between  neighboring  pads  increase  the 
capacitance.  The  narrow  inductive  lines  and 
small  capacitive  gaps  form  a  two-dimensional 
LC  network  which  greatly  reduce  the  lower 
edge  of  the  band  gap,  resulting  in  a  PBG 
lattice  which  is  significantly  smaller  in 
electrical  size  compared  to  our  previous 
designs  or  any  other  structures  reported  so  far 
[2-5]. 

Fig.  2  shows  both  FDTD  simulation  and 
measured  results  of  the  S  parameters  for  a  50 
Q  microstrip  line  fabricated  on  a  ground  plane 
with  the  UC-PBG  lattice.  It  can  be  seen  that  at 
lower  frequencies  the  line  insertion  loss  is  at 
the  same  level  with  a  reference  microstrip  line 
on  a  solid  ground  plane  and  with  identical 
dimensions.  The  structure  exhibits  a  deep  and 
very  broad  stopband  above  around  10  GHz. 
The  excellent  correlation  between  simulation 
and  measurement  indicates  that  this  type  of 
PBG  structures  can  be  characterized  and 
designed  with  a  high  degree  of  accuracy. 

Ill,  Filter  Applications 

Microstrip  bandpass  filters  (BPF)  are  widely 
used  in  microwave  integrated  circuits. 
Conventional  parallel-coupled  BPFs,  however, 
present  spurious  passbands  at  harmonic 
frequencies.  Extra  filters  are  usually  required 
to  suppress  spurious  transmissions  and  the 
insertion  loss  will  be  increased  as  a 
consequence.  The  advantages  of  UC-PBG  can 
be  applied  to  construct  a  compact  microstrip 
bandpass  filter  with  intrinsic  spurious 
rejection.  Furthermore,  the  slow-wave  effect 
reduces  the  physical  length  of  the  filter  circuit 
integrated  with  the  UC-PBG  structure. 

Fig.  3  shows  the  schematic  and  pictures  of  a 
parallel-coupled  bandpass  filter  using  the  UC- 
PBG  structure  in  the  ground  plane  [6]. 
Compared  to  a  conventional  design  based  on 
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Top  View 


Fig.  3  A  spurious-free  microstrip  bandpass 
filter  built  on  UC-PBG  ground  plane. 


solid  ground  plane,  the  microstrip  bandpass 
filter  using  the  UC-PBG  gave  immediate 
spurious  rejection  of  over  30  dB  at  both  the 
second  and  third  harmonics,  while  retaining 
the  same  level  of  low  insertion  loss  in  the 
passband.  Meanwhile,  a  microstrip  step- 
impedance  low  pass  filter  built  on  UC-PBG 
was  found  to  improve  the  stopband  rejection 
level  from  -20  dB  to  below  -50  dB  [7]. 

IV.  Leakage  Suppression  Using  UC-PBG 

Coplanar  waveguide  (CPW)  has  been  used 
popularly  in  modem  microwave  planar  circuit 
designs.  Very  frequently  the  CPW  is  backed 
by  a  ground  plane  for  heat  sinking,  packaging, 


enhancing  mechanical  strength,  or  other 
purposes.  The  conductor-backed  CPW,  or  CB- 
CPW,  however,  will  excite  parallel-plate  mode 
and  deteriorate  the  CPW  performance.  Several 
approaches  have  been  presented  to  overcome 
this  leakage  problem,  such  as  using  posts  to 
short  the  unwanted  mode  or  using  multi¬ 
layered  substrates  to  shift  the  dispersion  curve 
of  the  parallel-plate  mode. 

The  wide  stopband  of  UC-PBG  can  be 
utilized  to  suppress  leakage  loss  in  CB-CPW 
structures  [8],  The  PBG  lattice  can  be  easily 
etched  in  the  top  ground  planes  of  the  CB- 
CPW  circuit  without  using  any  extra  masks  or 
via  holes.  It  was  shown  experimentally  that  the 
insertion  loss  of  a  CB-CPW  can  he  improved 
significantly  within  the  stopband  of  the  UC- 
PBG.  This  novel  CB-CPW  structure  shows 
potential  for  applications  in  various  types  of 
CPW-based  circuits,  such  as  CPW-fed  slot 
antennas. 

V.  Harmonic  Tuning  for  Power  Amplifiers 

Advanced  wireless  communications 
systems  require  high  efficiency,  compact  and 
low-cost  transmitters.  High  efficiency  power 
amplifiers  are  typically  achieved  by  tuning 
harmonics.  Traditionally,  tuning  of  the  second 
and  third  harmonics  are  done  by  adding  open 
or  short  circuited  stubs  at  the  output.  Recently, 
the  UC-PBG  has  been  used  for  harmonic 
tuning  in  a  high  efficiency  S-band  power 
amplifier  [9].  Fig.  4  shows  the  photograph  of 
the  fabricated  amplifier  with  PBG  ground 
plane.  Tire  measurement  showed  an  increase 
of  1 0  %  in  PAE  and  1 .3  dB  in  output  power 
for  the  amplifier  with  UC-PBG.  The 
maximum  measured  PAE  was  65  %  at  an 
output  power  of  25.5  dBm.  When  compared  to 
a  reference  amplifier,  the  PBG  structure  gave 
an  additional  suppression  of  37  dB  for  the 
second  harmonic,  and  at  least  30  dB  for  the 
third  harmonic. 
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Top  View 


Bottom  View 


Fig.  4  A  high  efficiency  S-band  power 
amplifier  using  UC-PBG  for  second  and  third 
harmonic  tuning. 
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